単分散オリゴエチレングリコールから構築した大環状両親媒性物質の合成と物性 by WAWRO  Adam Marcin
Synthesis and properties of macrocyclic
amphiphiles constructed from monodisperse
oligo(ethylene glycol)















Synthesis and properties of macrocyclic amphiphiles 






















論	 文	 目	 次 
 
1. Introduction 
2. Synthesis of oligo(ethylene glycol) monotosylates 
3. Synthesis of amphiphilic triangle octa(ethylene glycol)s 
4. Covalent PEGylation with amphiphilic triangle-shaped PEGs 
5. Conclusions and perspectives 




論	 文	 内	 容	 要	 旨 
Introduction 
Monodisperse oligo(ethylene glycol) (mdOEG) is a unique type of PEG featuring well-defined 
chain length and molecular weight. This class of compounds has been increasingly popular 
especially in bioconjugations and chemistry of self-assembling systems, providing desired 
hydrophilic properties of conventional PEG without its unwanted dispersity. Unfortunately, 
mdOEGs are more difficult to synthesize than their common, polydisperse counterparts (e.g. 
PEG600), especially at multi-gram scale. Due to the limited accessibility, unique advantages of 
their discrete structure cannot be fully utilized in a wide spectrum of scientific applications. In 
this work we describe a new strategy of mdOEGs synthesis and prepare and investigate properties 
of various macrocyclic multi-block amphiphiles constructed from the obtained mdOEGs. 
Results 
1) Chromatography-free synthesis of monodisperse oligoEG tosylates 
The goal of this project was to find an alternative synthetic strategy for synthesis of 
heterobifunctional mdOEG derivatives. We proposed and developed a chromatography-free 
synthesis of mdOEG monotosylates. The monotosylates are highly practical intermediates 
towards various bifunctional mdOEG derivatives, used for bioconjugations, synthesis of telechelic 
oligomers or complex functional amphiphiles. Our synthetic strategy is the first to feature full 
chromatography-free preparation of asymmetrically substituted mdOEG longer than 
tetra(ethylene glycol). 
In our concept, chromatographic separations are fully replaced with liquid-liquid extractions and 
filtrations. Typically, symmetrically substituted PEG-type by-products, appearing inevitable 
during desymmetrization reactions, are removed by column chromatography. In our 
methodology, they are transferred to the following steps and removed at the final stage of the 
synthesis, when their separation can be easily accomplished. 
 
Figure 1: Idea scheme of the chromatography-free synthesis of PEG8-Ts 
Apart from the substantially simplified procedure, our method outclasses the previously reported 
synthetic methodologies in the fields of overall yield, cost efficiency and scalability. We prepared 
up to 50 g of mdOEG tosylates and assigned their purity with a quantitative RP-HPLC method. 
The obtained tosylates had 97–99% oligomer purity. We also discussed advantages of HPLC over 
mass spectrometry with respect to PEG oligomeric analysis. 
 
 













2) Synthesis and properties amphiphilic triangle-shaped PEGs 
In this project we synthesized a new class of macrocyclic multi-block monodisperse PEG 
amphiphiles, synthesized from the previously prepared mdOEGs. Several structural variants of 
PEGs were prepared and characterized, focusing of the effect of various hydrophobicity and 
structural topology. We investigated properties of PEGs in aqueous environment. Notably, more 
hydrophobic PEGs showed phase separation above certain temperature (LCST), while more 
hydrophilic molecules did not. The cloud point and stability of the emulsion formed from the 
biphasic mixture depended on the PEG topology. 
In the following section we studied an effect of the presence of PEGs on the thermally induced 
lysozyme aggregation in buffer at 90 °C. After incubation at that temperature, lysozyme solutions 
lose practically all enzymatic activity, mainly due to aggregation (physical degradation) and 
decomposition (chemical degradation) of the protein. However, in the presence of PEG 
derivatives the aggregation process is significantly inhibited. All the PEGs investigated in this 
work exhibited strong ability to prevent the aggregation, although the efficiency depended on the 
exact molecular structure of the additive. 
3) Covalent PEGylation with amphiphilic triangle-shaped PEGs 
Monodisperse macrocyclic PEGs studied in the previous chapter were used for covalent 
PEGylation of a model functional peptide. In order to observe the effect of the molecular 
topology, two structural variants were used for PEGylation. In both cases one major isomeric 
product was obtained. The conjugates were purified and their structure was confirmed by site-
selective digestion and mass spectrometry. 
Then the effect of PEGylation on the conjugate stability was investigated. All conjugates were well 
soluble in water. Resistance against high temperature and extreme pH of the unmodified peptide 
and two PEGylated conjugates was compared. PEGylation was found to affect the conjugates 
stability, however the outcome was largely depending on the molecular structure of the PEG 
employed. This shows that the topology of amphiphiles used for PEGylation may be critical for 
properties of the resulting conjugate. 
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